K nee pain and symptomatic knee osteoarthritis, which can be generally categorized as nontraumatic knee pain (NTKP), are prevalent and associated with greater disability in people 65 years of age and older. 1 It has been reported that among the elderly these conditions have increased 65% over a 20 year period, with rates doubling in women and tripling in men. 2 Not surprising, this trend coincides with an increase in the rate of total knee replacement surgeries, adding significantly to the cost of managing people with knee pain.
Several evidence-based guidelines for the treatment of NTKP recommend rehabilitation (exercise therapy or other nonpharmacological interventions) as an early stage intervention to reduce pain and disability, and to potentially limit the need for total knee arthroplasty (TKA). [3] [4] [5] [6] This is an especially important topic given current policy efforts to address the opioid epidemic and curb the escalating cost of TKA. 7, 8 Unfortunately, recent reports suggest that many people with NTKP are not receiving outpatient rehabilitation services as part of the management plan. 9, 10 If receipt of rehabilitation is beneficial in reducing pain and disability, it would seem that people who receive these services might exhibit less utilization of more aggressive medical interventions such as narcotics, knee injections, arthroscopic surgery, and total knee arthroplasty. However, there is limited information comparing the health services utilization associated with managing NTKP between people who receive rehabilitation and those who do not. It is important to explore whether exposure to outpatient rehabilitation services reduces the utilization of potentially risky or costly procedures over time. This finding could impact guideline implementation and policy strategies designed to optimize access to-and use of-rehabilitation for people with NTKP.
The aims of this study were to: 1) describe the health care utilization associated with the management of NTKP in people 65 years and older; 2) determine the proportion of people with NTKP who receive outpatient rehabilitation services as part of their management and describe the timing of those services; and 3) examine the impact of rehabilitation on health care service utilization for managing knee pain.
Methods

Data Sources
The data for this retrospective study came from a 10% random sample of Medicare claims covering dates of service from January 1, 2009, to December 31, 2010. These data provided utilization and cost information for individual beneficiaries linked across the following research identifiable files:
• MedPar (ie, acute care hospitals and skilled nursing facilities);
• Outpatient (eg, rehabilitation agencies, ambulatory surgical centers);
• Home Health Agency;
• Carrier (ie, medical professionals); and
The dataset did not include claims from inpatient rehabilitation facilities.
NTKP Cohort Identification
The study cohort included Medicare beneficiaries 65 years and older with NTKP as defined by 19 International Classification of Diseases, 9th Revision (ICD-9) diagnosis codes 11 (Appendix 1). To identify individuals presenting for the evaluation or treatment of a new episode of NTKP, or those returning after an extended 6-month break in care, the 24 months of claims data was divided into 3 distinct periods: 1) a 6-month run-in period; 2) a 6-month cohort identification period; and 3) a 12-month run-out period. The data were divided in this fashion to allow sufficient time to aggregate an adequate number of beneficiaries with an episode of interest, and also to ensure a uniform 12-month follow-up period for all beneficiaries in the sample. (Appendix 2) In an effort to mitigate the possibility of misclassification and loss to follow-up biases, all beneficiaries had to be continuously enrolled in Medicare Part A and B throughout 2009-2010.
To be considered for inclusion in the analytic cohort, a beneficiary had to have at least one date of service with one of the 19 NTKP diagnoses in the primary position on an ambulatory claim (eg, professional office or outpatient visit) during the 6-month cohort identification period. The earliest event meeting these criteria was considered the "index event." Additionally, the beneficiary's index event had to be immediately preceded by a 6-month "clean period," in which there were no claims with a primary NTKP diagnosis identified in any hospital, skilled nursing, home health, or ambulatory care setting during the run-in period. When this last condition was met, all knee-related events regardless of setting were aggregated according to the beneficiary's unique identification number for the entire 12-month period (ie, run-out) immediately following the index event (Appendix 2). The final NTKP cohort contained 52,504 beneficiaries meeting these criteria (Figure) .
Health Care Utilization Categories
To succinctly describe the utilization associated with the management of NTKP, we categorized both the medical and pharmacy claims into clinically similar categories (eAppendix, available at academic.oup.com/ptj). Medical utilization was identified using Health Care Common Procedure Coding System (HCPCS) Level 1 (CPT-4) and 2, Revenue Center, and ICD-9 Procedure codes. Both professional and facility claims were included. In some instances, a single claim line had 2 types of utilization codes (ie, Revenue Center and CPT-4) available in the raw dataset.
Where this occurred, a hierarchical algorithm was used to ensure that we categorized the service using the code that provided the most detailed description. Our categorization of medical utilization resulted in 9 categories: rehabilitation, knee surgery, nonsurgical invasive procedures (eg, injections, aspiration), medical (eg, physician office visits), pharmacy, radiology, laboratory, other medical, and other therapy. 11 Rehabilitation was operationally defined as exercise and other nonpharmacological services or procedures which are recommended as early stage management options for patients with NTKP. [3] [4] [5] [6] Included in this category were various forms of exercise, nutritional counseling, functional training, physical agents, manipulation, and manual therapy. Inclusion in this category was dependent on neither the type of provider rendering the service, nor the setting in which they were performed.
Additionally, pharmacy utilization was further categorized into 9 subcategories: anticonvulsants, antidepressants, anxiolytics, glucocorticoids, histamine-2 blockers, nonsteroidal anti-inflammatories (NSAID), narcotic analgesics, proton pump inhibitors, and sedatives. 11 It should be noted that prescription drug data carried in the Medicare Part D file does not contain ICD-9 diagnosis codes. Therefore, we employed an attribution method to identify the use of a prescription drug associated with the treatment of NTKP. First, the prescription had to fall within a drug class (eg, NSAIDs) commonly used in the treatment of NTKP. To determine which classes of medications to include in our analysis, we used the medication list from a large randomized trial in a similar population in which patients self-reported the medications they were taking for NTKP (Clinical Trials. gov NCT01314183). Second, the prescription drug service date, or the date that the drug was dispensed, had to be temporally associated with the NTKP episode and fall within the 12-month follow-up period. All prescription drug claims meeting these criteria were included in the analysis.
Dependent Variables
We 
Control Variables
Three categories of control variables were used: demographic characteristics, geographic location, and clinical comorbidities. The demographic
Figure.
Cohort construction flow diagram. NTKP = nontraumatic knee pain.
character istics included sex, age, and race. Age was treated as a continuous variable but was rescaled so that 1 unit change equaled 5 years. Race was categorized as white, black, Hispanic, Asian, North American Native, other, and unknown. Geographic location consisted of the standard 4 US Census regions (Northeast, Midwest, South, and West).
The clinical comorbidities were based on the Functional Comorbidity Index (FCI). The FCI was originally developed as a self-report instrument designed to capture the presence/absence of 18 health conditions associated with changes in physical function. 12 The conditions used in the index are: arthritis, osteoporosis, asthma, chronic obstructive pulmonary disease, angina, congestive heart failure, myocardial infarction, neurologic disease, stroke, peripheral vascular disease, diabetes, upper gastrointestinal disease, depression, anxiety, visual impairment, hearing impairment, degenerative disc disease, and obesity. We used England et al's crosswalk between the FCI comorbidities and their corresponding ICD-9 diagnostic codes to identify these conditions in the claims files. 13 A dichotomous indicator was created for each of the 18 conditions. A beneficiary was considered to have the comorbidity if there was an event identified with an applicable diagnosis in any position on any claim within the period for which we had claims (ie, 24 months).
Data Analysis
Stata Release 13.1 (College Station, TX) was used for all analyses. We calculated descriptive statistics for beneficiary demographic characteristics, geographic location, and clinical comorbidities. Summary statistics of health care utilization were computed by medical and pharmacy utilization categories, as well as the timing of rehabilitation exposure. These statistics included the count and proportion of users. For the 3 dependent variables, we fit multivariable logistic regression models to evaluate the association of rehabilitation timing on our measures of health care utilization.
These models were fit using a forced, backward stepwise approach. The full model was fit to include the rehabilitation timing variable and all control variables. We included each clinical comorbidity in the models individually as opposed to using the summated FCI, because this approach explained more variance. 14 Control variables were manually removed from the model 1 at a time if their P value exceeded .10. This was done until the most parsimonious model was identified as confirmed by the likelihood ratio test. The odds ratios from the multivariable logistic models reflect the net association between the timing of rehabilitation exposure and the dependent variables, after holding the final set of control variables constant in the model. We considered odds ratios with P values ≤ .05 to be statistically significant.
Results
The analytic file included 52,504 beneficiaries who met our definition of NTKP and were followed for 12 months. The distribution of beneficiaries according to each demographic characteristic, geographic location, and clinical comorbidity variable is presented in Table 1 . The majority of beneficiaries were female (72.6%) and white (79.2%). The mean age was 76.6 years. The South region had the highest proportion of beneficiaries with NTKP (38.8%), followed by the Midwest (24.8%), Northeast (19.5%), and West (16.9%). Five of the 18 clinical comorbidities were present in at least one-third of the sample. These were arthritis (82.4%), congestive heart failure (54.9%), visual impairment (48.1%), degenerative disc disease (43.6%), and diabetes (36.3%).
Health Care Utilization
Of the 9 health service utilization categories, the estimated proportion of use was highest in the Pharmacy (84%), Medical (75.8%), Radiology (67.3%), and Nonsurgical Invasive procedure (40.2%) categories. In our sample, 8.7% of beneficiaries had knee surgery and 16.5% had outpatient rehabilitation services ( Table 2) .
Timing of Rehabilitation Exposure
There were 8672 beneficiaries who received outpatient rehabilitation services for NTKP during the 12-month follow-up period. As stated early, the services for a large percentage of these users (32.5%) were strictly limited to postsurgical care. Because the clinical indications and goals for rehabilitation are considerably different after knee surgery, these beneficiaries were not considered "exposed" to rehabilitation. This resulted in a total of 5852 beneficiaries, or 11.1% of the total sample, who were exposed to outpatient rehabilitation services as part of NTKP management. In the exposure group, 52% received outpatient rehabilitation services within the first 15 days of the index event (early); 27% had outpatient rehabilitation services 16-120 days from the index event (intermediate); and 21% had late exposure where outpatient rehabilitation services were initiated more than 120 days from the index event (Table 3) .
Narcotic Analgesic Utilization
The adjusted odds for the use of narcotic analgesics in beneficiaries with NTKP when exposed to early rehabilitation is 0. 
Nonsurgical Invasive Procedure Utilization
The adjusted odds of NTKP beneficiaries using nonsurgical invasive procedures when exposed to early rehabilitation was 0. (Table 4) .
Knee Surgery Utilization
The adjusted odds for beneficiaries with NTKP having knee surgery when exposed to early rehabilitation is 0. (Table 4) .
Discussion
The study cohort consisted of 52,504 Medicare beneficiaries who received evaluation or management services for a primary complaint of NTKP. In our sample, approximately 17% of beneficiaries received outpatient rehabilitation services; however, for one-third of these beneficiaries these services were provided solely for postsurgical rehabilitation and were not used as treatment for NTKP per se. This means that the percentage of beneficiaries who received any rehabilitation was approximately 11%. This figure is consistent with previously published findings in similar patient populations. 15 This is important, considering our finding that early use of outpatient rehabilitation services (ie, within 15 days of the index visit) in the NTKP population is associated with lower use of narcotic analgesics, injections, and surgery when compared to beneficiaries not exposed to rehabilitation. Therefore, developing strategies to encourage the use of rehabilitation as a first-line treatment for NTKP, as recommended by current guidelines, has the potential to positively impact a large segment of this clinical population.
The pharmacologic management of acute and chronic pain in older adults is complex. Nonsteroidal antiinflammatory (NSAIDs) medications, a common therapeutic approach for musculoskeletal disorders, carry additional risk in older adults and evidence-based guidelines recommend that they be used judiciously. 16, 17 As a result, many practitioners choose to control pain in the older adult using narcotic analgesics. However, these pharmacologic interventions also increase the risk of adverse events such as dependency, falls, fractures, and mortality. 16, 18, 19 In our sample, 57% of beneficiaries with NTKP filled one or more prescriptions for a narcotic analgesic. However, the likelihood of filling a narcotic prescription during the follow-up period was significantly lower for patients exposed to early rehabilitation as compared to those that did not receive rehabilitation (adjusted OR = 0.67) or those who received it later in the course of care. Our findings would seem to support the recent recommendations that nonpharmacological treatment options, including those delivered by physical therapists, should be considered prior to treatment with narcotic prescription. 7 Clinical guidelines generally recommend that nonsurgical invasive procedures (eg, corticosteroid injections) are to be used only after simple pharmacologic and non-pharmacologic interventions are no longer efficacious in managing pain and disability associated with NTKP. 15 Adverse events associated with these procedures can range from minor skin reactions to more serious complications such as sepsis. 20 While the risk of serious complications is small, these unintended consequences should be an important consideration given their potential seriousness. 15 It would appear that the practice patterns in our cohort are contrary to this recommendation, as we saw a high rate of use (40%) of nonsurgical invasive services and a much lower rate of rehabilitation use (11%) in patients with NTKP. Furthermore, patients received nonsurgical invasive services much sooner following the index visit (mean 39.4 days 95%CI, 33.9-35.9) compared to outpatient rehabilitation services (mean 63.6 days 95%CI, 61.2-66.0). This sequencing appears to be important because for patients exposed to early rehabilitation, the likelihood of receiving nonsurgical invasive services was cut in half (adjusted OR 0.50) when compared to beneficiaries who did not receive rehabilitation exposure. Conversely, patients who received intermediate or late rehabilitation exposure had a much higher likelihood of being treated with nonsurgical invasive procedures (adjusted ORs 1.47 and 2.12, respectively). Once more, it appears that early rehabilitation may be a valuable management option for NTKP patients who are poor candidates for, or prefer to forego, nonsurgical invasive treatment procedures.
Finally, the sharp rise in surgical procedures, especially total knee arthroplasty, in NTKP patients has been well documented. 21 In response Medicare has implemented a Comprehensive Care for Joint Replacement bundled payment model in an effort to improve quality and control the cost of TKA. 8 However, this effort does not address the frequency of TKAs. Some investigators analyzing the rising TKA rates have opined that there is overuse of these services and that up to one-third of these procedures are inconsistent with clinical guideline recommendations. 22, 23 Reasons cited include a poor match between the condition and the surgical procedure, and a failure to exhaust conservative care measures before proceeding to a surgical intervention. 22, 23 Two findings from our study are particularly pertinent given these observations. First, only 11% beneficiaries who underwent surgery had any outpatient rehabilitation services in the 6 months immediately preceding their procedure. Second, when exposed to early rehabilitation, beneficiaries were much less likely [adjusted OR = 0.58] to progress to surgery over the 12-month follow-up period compared to those beneficiaries who were not exposed. Given the apparent benefit of early rehabilitation, at least in the short term, it would appear reasonable to exhaust this treatment option before moving on to these more invasive, riskier, and expensive interventions.
The results of our study are intriguing, but we acknowledge that they should be considered preliminary at this time.
It is important to keep in mind the limitations inherent in observational research studies. Because patients were not randomly assigned to rehabilitation treatments, we cannot draw conclusions about the causal effect of rehabilitation exposure and reduced utilization of more aggressive interventions. As a result, there may be unmeasured confounders that could strengthen or diminish the observed relationships in all, or some, of the 3 rehabilitation groups. For example, one could conclude from our findings that no rehabilitation is superior to intermediate or late rehabilitation. However, it is important to consider that this relationship may be affected by differences in patient characteristics across these groups. Claims data do not contain clinical markers of pain or function. It is reasonable to suspect that intermediate or late rehabilitative services would tend to be used in patients exhibiting higher levels of pain and disability, or those with persistent symptoms, which could potentially explain their higher use of narcotic analgesics, injections, and surgery. Likewise, the protective effect of early rehabilitation could be positively or negatively affected by pain and function characteristics of the individuals, or by other unmeasured confounding present at the time services are delivered. This reality points to the importance of ongoing efforts to link clinical measures with health care service utilization from claims data to identify subgroups of patients who may benefit best from early vs delayed rehabilitation and/or from rehabilitation services in general.
In this study, it would also have been ideal to precisely isolate beneficiaries with incident NTKP to allow initial management decisions to be more precisely studied. Our dataset only contained 2 years of health care claims. This gave us a limited run-in period (6 months) to identify previous treatment for NTKP; therefore, we were unable to determine with certainty where beneficiaries were in the long-term course of their care for this progressive condition. Another limitation of claims data is the variation in the billing codes used by different provider specialties and in different treatment settings. This variation in coding precluded a detailed assessment of the content and dosage of specific outpatient rehabilitation services. Nevertheless, even without detail about specific treatments, our findings suggest that mere exposure to a broadly defined set of rehabilitation strategies is associated with reductions in the use of potentially risky or costly procedures.
Finally, it is important to consider both resource utilization and cost. However, in the current study we were unable to generate accurate estimates of the total cost of care. In the NTKP population, surgery is the major driver of health care costs. Additionally, previous investigators have found that a large proportion of older adults receive postsurgical rehabilitation in inpatient rehabilitation facilities, which adds considerably to the total cost of care. 24, 25 Unfortunately, our dataset did not include claims from inpatient rehabilitation facilities. These missing data did not affect analyses of resource utilization outcomes; however, we were unable to accurately estimate the total health care costs associated with changes in rehabilitation exposure. A cost of care analysis in this population will be a focus of our future work.
While we cannot make definitive conclusions from our data, our results suggest that finding ways to promote prompt access to outpatient rehabilitation services for people with knee pain may be important for reducing utilization of health services that place patients at greater risk. This specifically relates to opioid use, nonsurgical invasive procedures, and surgery. Rehabilitation appears to have its best effects when provided early in the course of care. Further study is needed to identify the best candidates for, and to test strategies to improve, early utilization of outpatient rehabilitation services, and to test the effects of these strategies on downstream health care utilization and costs. 
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